Introduction
In Australia, there are an estimated 26,800 people living with HIV. Sexual health clinics in Australia provide care at no charge to attendees, and specialist general practitioners and tertiary referral services can provide care free of charge under the Medicare system for citizens and permanent visa holders (Australian Government, Department of Human Services, 2013). The Pharmaceutical Benefits Scheme provides subsided antiretroviral therapy (ART) to those entitled to Medicare; however, people who do not have Medicare may access treatment through a range of options (National association of people with HIV Australia, 2014). People born outside of Australia accounted for just under half (45.8%) of HIV infections diagnosed in 2013 and of these, almost three-quarters (74.4%) were in people from culturally and linguistically diverse (CALD) backgrounds, including low-and middle-income countries, with 10% speaking a language other than English at home (The Kirby Institute, 2014) . Newly diagnosed infections attributable to heterosexual contact accounted for nearly a quarter (24.6%) of HIV infections from 2009 to 2013. Of these, 37% were in men and women who acquired infection in a high prevalence country, with the majority of cases coming from low-and middle-income regions of Sub-Saharan Africa and South East Asia (The Kirby Institute, 2014) .
A systematic review (Alvarez-del Arco et al., 2012) on HIV testing and counselling for migrant populations living in high-income countries, found migrants have a higher frequency of delayed HIV diagnosis and are more vulnerable to the negative effects of disclosure of HIV status, fearing stigma and discrimination from their communities. Migrants can face additional barriers relating to health literacy in accessing health care and using health information. Of people born in non-English speaking countries, only one-third had adequate or better health literacy when tested in English compared with 43% of people born in Australia (Australian Bureau of Statistics, 2009) . Other barriers that impact on migrant populations accessing HIV care include financial constraints, discrimination and social isolation (Asante, Korner, McMahon, Sabri, & Kippax, 2009; Vlassoff & Ali, 2011) . The Australian Government Seventh National HIV Strategy 2014-2017 (Commonwealth of Australia, 2014) recognises people from high HIV prevalence countries and their partners as a priority for HIV prevention and treatment programs, emphasising the importance of timely diagnosis and commencement of ART.
In high-income settings, delayed HIV diagnosis, or late presentation, is defined as presenting for care with a CD4 cell count <350 cells/µL or with an AIDS defining event and late presentation is associated with lower survival and early mortality (Antinori et al., 2011) . In Australia, over one-third (38.8%) of patients are late presenters (The Kirby Institute, 2014). A review (Hall et al., 2013) , including patients in Australia reported that those with a heterosexual mode of transmission had a higher percentage of delayed HIV diagnosis and lower percentage of linkage to care.
The aim of this study was to describe the demographics and clinical characteristics of Australian HIV Observational Database (AHOD) cohort participants born in low-and middle-income countries (LMIC) compared with participants born in Australia (AUS) and other high-income countries (HIC). Treatment outcomes, disease outcomes including all-cause mortality and progression to AIDS were examined.
Methods

Study population
The AHOD is an observational clinical cohort study of participants with HIV infection attending specialised general practitioner sites, sexual health clinics and tertiary referral centres, totalling 31 clinical sites. A detailed description of the study methodology is described elsewhere (The Australian HIV Observational Database, 2002) .This analysis includes all participants enrolled in AHOD between 1999 and 2013 who attended a clinical site that routinely collected country of birth (COB) information (defined as the percentage of missing COB information of less than 50%). We categorised COB into country-specific income groupings based on World Bank gross national income (GNI) indicators (The World Bank, n.d.). We adopted a similar categorisation method as used in prior AHOD publications (Wright et al., 2013) . AHOD participants were stratified into those born in LMIC, born in other HIC and born in Australia.
Statistical analysis
We tabulated participant characteristics summarised by income groupings. Factors considered in analysis included age, mode of HIV exposure, COB, hepatitis co-infection, history of ART, pre-and post-ART CD4 cell count and plasma HIV RNA level.
Statistically significant differences between proportions for categorical variables compared across income groupings were assessed using a chi-square test, and analysis of variance (ANOVA) was used to assess differences in mean values for continuous variables. We determined statistical significance for both tests at the α = 0.05 cut-off point. Cox proportional hazard models and Kaplan-Meier survival methods were used to evaluate differences in disease progression, as well as clinical HIV-related outcomes. Specifically, we used Cox proportional hazard models to assess any differences across COB income groupings in hazard for any change in ART, hazard of first viral suppression (defined as HIV RNA viral load <400 copies/mL), and hazard of treatment failure (defined as HIV RNA viral load >1000 copies/mL). The ART regimen analysed was the ART regimen received at enrolment, or the first ART regimen initiated after enrolment. Kaplan-Meier methods were used to assess differences in survival distributions for participants lost-to-follow-up and incident clinical endpoints (composite endpoint of all-cause mortality or new AIDS illness). Our primary analysis variable was income grouping and models were adjusted a priori for age, sex, mode of exposure, hepatitis coinfection, clinical care setting, CD4 cell count and HIV RNA viral level at ART initiation, year of ART initiation and an indicator for mono/duo antiretroviral exposure prior to ART treatment initiation. No form of multivariable model selection was performed for these analyses. For all analyses, we defined origin time as cohort enrolment date. Participants were followed up until occurrence of endpoint, their last clinical visit or 31 March 2013 (administration censor). Participants were considered lost-to-follow-up if they had not been seen at the clinic for at least one year. Participants with at least one follow-up visit were considered in the analyses for disease or treatment-related outcomes.
Results
Of the 3894 participants enrolled in AHOD, 2721 (70%) were eligible for analysis. A total of 1173 were excluded from the analysis due to enrolment at a site where COB information was not captured in the electronic patient management system. Currently, 20 (65%) of the 31 AHOD sites routinely collect COB information. Of the sites that collect COB information, the median percentage of missing COB was 10%. Three-quarters (77.3%) of the participants were Australian born, 13.7% born in HIC and 9.0% born in LMIC. The majority of those from LMIC were born in East-Asia and the Pacific (51%) or Sub-Saharan Africa (22%).
Demographic characteristics are presented in Table 1 . The median age at enrolment of those born in LMIC was 40.5 years (interquartile range 39.2-45.5) which is younger (p < .0001) than those born in ] years and 45.6 [37.2-52.1] years), respectively. There were a higher proportion of females born in LMIC compared with AUS and HIC (24%, 4% and4%, respectively), p < .0001. A higher proportion of people born in LMIC reported heterosexual mode of exposure compared with AUS and HIC (38%, 14% and13%, respectively), p < .0001. A higher proportion of participants (46%) from HIC accessed HIV care from Sexual Health Clinics compared with participants from LMIC (33%) and Australian born participants (35%), (p = .0004). There was also a similar prevalence of hepatitis B co-infection (p = .75) and hepatitis C coinfection (p = .33) in all three groups. Proportionately more people from LMIC enrolled in the second phase of the AHOD cohort from 2007 to 2013 (p < .0001).
The CD4 cell count and HIV RNA levels at enrolment are presented in Table 2 . Overall those born in LMIC had a lower mean CD4 cell count at AHOD enrolment, and from entry over time (Figure 1 ) than those born in AUS and HIC (451 cells/µL, 528 cells/µL and 468 cells/µL, respectively), p < .0001. Of participants receiving ART at cohort enrolment, those born in LMIC had a lower mean CD4 cell count at AHOD entry (p < .0001) than those born in AUS and HIC (425 cells/µL, 532 cells/µL and 477 cells/µL, respectively). Mean HIV RNA level (log10 copies/mL) at AHOD enrolment was similar (p = .19) across all three groups (4.26 log, 4.44 log and 4.76 log, respectively). There were no significant differences between type of ART regimen when comparing nucleoside reverse transcriptase inhibitors (NRTIs) plus either non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PI), integrase inhibitor (II) or other ART (p = .60). Table 3 reports Cox proportional hazard ratios for COB income groupings for the hazard ratios of changing of ART regimen, hazard of suppressing HIV RNA viral load and hazard of first virological failure (HIV RNA viral load >1000 copies/mL) following viral suppression. In multivariable adjusted analyses, no statistically significant differences between hazards were found. Among the three groups, there were minimal proportional differences in terms of accessing HIV monitoring care ( Figure 2 ) and differences in time to loss-to-follow-up ( Figure 3 ) (log-rank p = .96). Cumulative incidence for a composite clinical endpoint of all-cause mortality or new AIDS incidence from enrolment (Figure 4) were similar among all three groups (log-rank p = .12)
Discussion
This study examined the HIV treatment and disease outcomes of migrants to Australia from LMIC, who comprise approximately 10% of the AHOD cohort. This group was younger, had a higher proportion of women and heterosexual mode of transmission compared with people from HIC and Australia. The majority of people from LMIC in this cohort were from South Asia and the Pacific or Sub-Saharan Africa. This reflects patterns of migration to Australia from LMIC, including people who arrived as refugees (Australian Government, Department of Immigration and Border Protection, 2014; The World Bank, 2011). These findings are consistent with a previous Australian study (McPherson, McMahon, Moreton, & Ward, 2011) and reflective of the global pattern of the HIV epidemic in LMIC (AVERT, 2014) . A higher proportion of people from HIC accessed sexual health clinics rather than general practice or tertiary referral services for HIV care We found that once engaged with a health-care service, there were no differences among those born in LMIC, HIC or AUS with respect to routine monitoring of HIV infection or rates of loss-to-follow-up (Figures 2 and 3) . This is in contrast to a study from Italy that found a higher proportion of migrants were lost-to-follow-up (Saracino et al., 2013) . That study found differences between country of origin groups, with migrants from Sub-Saharan Africa having higher lost-to-follow-up rates and migrants from Asia having better follow-up rates compared with Europeans (The Antiretroviral Therapy Cohort, 2013).
Other studies have found that migrants from LMIC are over-represented among those presenting with a delayed HIV diagnosis (Oliva et al., 2013; The Antiretroviral Therapy Cohort, 2013; Wilson et al., 2014) , and experience a resultant increased risk of chronic morbidity and mortality (Antinori et al., 2011) , including higher rates of AIDS defining illness in the first year of ART (The Antiretroviral Therapy Cohort, 2013). This study Figure 3 . Cumulative incidence of participants lost-to-follow-up (differences in t = 0 numbers due to no follow-up visit recorded), defined as not seen at health service for >365 days, by country of birth World Bank income grouping. examined treatment outcomes and mortality from entry into the AHOD cohort rather than from date of HIV diagnosis. Those born in LMIC had a lower mean CD4 cell count at enrolment into the cohort compared to those born in HIC and AUS. This is suggestive of delayed HIV diagnosis; however, there were no differences in allcause mortality and new AIDS incidence when comparing those born in LMIC, HIMC and AUS. This is similar to a finding by treatment naïve migrants from LMIC to Spain , which found that although migrants were more likely to have delayed HIV diagnosis there were no differences in mortality. We also found no significant differences in the use of ART, type of ART regimens, time to change in ART regimen, time taken to achieve undetectable HIV viral load or time to virological failure between LMIC, HIC or Australian born groups. These findings are suggestive of successful engagement in care for migrants from LMIC in the Australian context.
This study has several limitations. Of the total sites participating in AHOD, only 24 routinely collect country birth data, representing just over three-quarters (77%) of the total study sites. All treatment outcomes, disease outcomes including all-cause mortality and progression to AIDS were examined from enrolment into the AHOD cohort; therefore, this study did not examine CD4 cell count, treatment history, AIDS defining events or presentation with advanced HIV disease or AIDS at the time of HIV diagnosis. Similarly, data on date of arrival into Australia and the recency of HIV infection were not available. There is heterogeneity in the migrant populations from both LMIC and HIC and specific subpopulations were not examined.
Our findings suggest that once engaged in HIV care in Australia and on ART there was no difference in outcomes between people born in LMIC, HIC or Australia. There is an ongoing need to develop responses for maximising engagement with health-care information for migrant populations. Ongoing work is needed to ensure timely entry into the HIV care cascade for migrants from low-and middle-income countries.
